Background: The number of migrants working in Malaysia has increased sharply since the 1970's and there is concern that infectious diseases endemic in other (e.g. neighbouring) countries may be inadvertently imported. Compulsory medical screening prior to entering the workforce does not include parasitic infections such as toxoplasmosis. Therefore, this study aimed to evaluate the seroprevalence of T. gondii infection among migrant workers in Peninsular Malaysia by means of serosurveys conducted on a voluntary basis among low-skilled and semi-skilled workers from five working sectors, namely, manufacturing, food service, agriculture and plantation, construction and domestic work. Methods: A total of 484 migrant workers originating from rural locations in neighbouring countries, namely, Indonesia (n = 247, 51.0%), Nepal (n = 99, 20.5%), Bangladesh (n = 72, 14.9%), India (n = 52, 10.7%) and Myanmar (n = 14, 2.9%) were included in this study. Results: The overall seroprevalence of T. gondii was 57.4% (n = 278; 95% CI: 52.7-61.8%) with 52.9% (n = 256; 95% CI: 48.4-57.2%) seropositive for anti-Toxoplasma IgG only, 0.8% (n = 4; 95% CI: 0.2-1.7%) seropositive for anti-Toxoplasma IgM only and 3.7% (n = 18; 95% CI: 2.1-5.4%) seropositive with both IgG and IgM antibodies. All positive samples with both IgG and IgM antibodies showed high avidity (> 40%), suggesting latent infection. Age (being older than 45 years), Nepalese nationality, manufacturing occupation, and being a newcomer in Malaysia (excepting domestic work) were positively and statistically significantly associated with seroprevalence (P < 0.05).
Background
Toxoplasma gondii is one of the most common protozoan parasites affecting up to one-third of the world's population [1] [2] [3] . Human infection may occur via ingestion of food or water contaminated with oocysts shed in the faeces of infected cats; consumption of undercooked or raw meat; consumption of raw oysters, clams, or mussels containing tissue cysts [4] [5] [6] [7] [8] ; exposure to contaminated soil through activities such as gardening or children playing in sandpits [9] and vertical transmission from mother to foetus [10, 11] .
Toxoplasmosis in immunocompromised people may causes damage to the brain, eyes, or other organs and is associated with severe acute infection or with reactivation of past infection. Infections acquired during pregnancy may cause severe damage to the foetus [11] . In immunocompromised patients, reactivation of latent infection can cause life-threatening encephalitis [2, 12] .
In recent years, there have been also many attempts to link toxoplasmosis with schizophrenia and other mental health problems (such as bipolar disorder) [13] [14] [15] . Toxoplasma gondii has emerged as a prime candidate when investigating the relationship between infectious agents and schizophrenia; some individuals with adult toxoplasmosis develop psychotic symptoms [13] .
The standard method for diagnosis is through serological testing, based on the detection of Toxoplasmaspecific immunoglobulin IgG and IgM antibodies in serum and this test is routinely implemented in many parts of the world [16] [17] [18] . The detection methods previously employed in Malaysia have included the indirect hemagglutination (IHA) test, Sabin Feldman dye test, indirect fluorescent antibody test [19] and the enzymelinked immunosorbent assay (ELISA) [20] .
Over the years, the economy in Malaysia has transformed into an emerging multi-sector economy and since the 1970s, its economic vigour has been facilitated largely by imported migrant workers. The number of migrant workers arriving in Malaysia from neighbouring countries has grown exponentially and there is concern that diseases endemic in their countries may be inadvertently imported [21] , despite compulsory medical screening prior to entering the workforce in Malaysia. However, pre-employment screening does not currently include screening for the presence of most parasitic infections, including toxoplasmosis. The infection could have substantial public health implications with regard to the productivity of the migrant labour force and its contribution to the Malaysian economy and well-being.
Previous studies have presented a mixed picture on the seroprevalence of T. gondi infection among migrant compared to indigenous workers in Malaysia. Chan et al. [21] reported up to 42% (138/336) positive for specific IgG while twenty mainly Indonesian plantation workers and workers in detention camps (6%) were positive with IgM [21] . Chan et al. [22] also noted the high prevalence of T. gondii infection among local plantation workers (IgG: n = 89, 44.9%) compared to migrants (n = 171, 34.1%). However, there was no statistically significant difference in the prevalence of raised IgM between migrant workers (n = 26, 5.2%) and locals (n = 17, 8.6%). Amal et al. [23] reported a lower rate of raised specific IgG among workers (n = 16, 18.8%) from the Indian subcontinent compared to locals (n = 89, 44.9%) from the same plantation and detention camp. Similarly, another study also showed that just over a third (34.1%, 171/501) of migrant plantation workers and individuals in detention camps were IgG positive and 5.2% (26/501) were IgM positive, with the highest infection rate among Nepalese workers (46.2%) compared to other ethnic groups [24] .
The current study was a component of a broader project aiming to assess the range and extent of parasitic infections brought into Malaysia by the migrant worker population. The study is motivated by the need to assess the health status of migrant workers originating from countries with low socioeconomic backgrounds, living in deprived environments with poor sanitation and low hygiene practices [25] . Here we report on seroprevalence of T. gondii among migrant workers in Malaysia and identify key factors associated with this infection.
Methods

Study population and sample collection
This study was carried out from September 2014 to August 2015 among informed, consenting low-skilled and semi-skilled workers from five working sectors in Peninsular Malaysia, namely: manufacturing; service; agriculture and plantation; construction, and domestic work. Questionnaires were distributed to participants to gather relevant information related to the study. An individual clinical interview with a questionnaire was conducted to collect information on sociodemographic data, migration history, environmental health, life-style habits (consumption of raw meat and vegetables), recent illness and occupational health and safety. The interview process was performed through an interpreter for those migrant workers who had difficulty understanding the Malay (national) and English languages. All participants were fully informed of the nature of the study and completed the consent forms.
After consent was obtained and the questionnaire answered, approximately 5 ml of venous blood was drawn into a plain tube (without anticoagulant) by trained medical assistants and nurses using disposable syringes and needles. The blood samples were transported to the Parasitology Laboratory, Institute of Biological Science, Faculty of Science, University of Malaya. Blood samples were spun at 1,500× g for 10 min and the serum samples were kept in -20°C until use.
Detection of immunoglobulin G and M antibodies to T. gondii
Screening for anti-T. gondii antibodies was performed using enzyme-linked immunosorbent assay (ELISA) commercial kits for immunoglobulin G (IgG) and M (IgM) (Trinity Biotech Captia TM , New York, USA) in accordance with the manufacturer's instructions. For the IgG assay, positive results were defined as ≥ 1.23 IU/ml, indicating latent or pre-existing Toxoplasma infection. Positive results for IgM assays were also defined as ≥ 1.23 IU/ml, indicating recent infection. All samples that were both IgG-positive and IgM-positive were tested using an IgG avidity assay (IgG; NovaLisa, Dietzenbach, Germany) according to the manufacturer's instructions. Toxoplasma antibodies with high avidity (> 40%) indicate latent infection, while Toxoplasma antibodies with low avidity (≤40%) indicate a probable acute or recent infection.
Data analysis
Prevalence estimates (percentage of participants infected) are shown with 95% confidence intervals (CI) calculated using the method described by Rohlf & Sokal (1995) [26] . Prevalence was analyzed using maximum likelihood techniques based on log linear analysis of contingency tables using the software package SPSS (Version 22), in three steps. First, full factorial models were fitted including the following 'intrinsic' factors: sex (2 levels, males and females), age (5 age classes comprising those < 25 years old, 25-34 years old, 35-44 years old, 45-54 years old and those > 54 years), nationality (5 countries, Bangladesh, India, Indonesia, Myanmar and Nepal) and immune status, which was considered as a binary factor (presence/absence of antiToxoplasma antibodies). For each level of analysis in turn, beginning with the most complex model, involving all possible main effects and interactions, those combinations that did not contribute significantly to explaining variation in the data were eliminated in a stepwise fashion beginning with the highest-level interaction (backward selection procedure in SPSS). A minimum sufficient model was then obtained, for which the likelihood ratio of the chi-square (χ 2 ) statistic was not significant, indicating that the model was sufficient in explaining the data. The importance of each term (i.e. interactions involving infection) in the final model was assessed by the probability that its exclusion would alter the model significantly and those values relating to interactions that included presence/absence of infection-specific antibodies (as described above) are given in the text.
Models were then fitted including the following 'extrinsic' factors: employment sector (5 sectors: construction, manufacture, plantation, food service and domestic), years of residence in Malaysia (2 categories: less than 1 year (year 1) and more than 1 year (year 2)), accommodation (3 types: hostel, construction site and own/rented home) and education (4 levels: primary school, secondary school, university and no formal schooling) and infection. Finally, in a third step, models were fitted comprising only the intrinsic and extrinsic factors that had been found to be statistically significantly associated with infection status as measured by presence of IgG/IgM.
Where relevant, we also fitted in turn models with just each factor and infection status, in order to resolve/clarify complex interactions that could not be simplified by the backward selection procedure. We have also provided in the tables the probability values from these models.
Results
Socio-demographic characteristics
A total of 484 migrant workers in Malaysia were included in this study originating from rural areas in neighbouring countries, namely: Indonesia (n = 247, 51.0%); Nepal (n = 99, 20.5%); Bangladesh (n = 72, 14.9%); India (n = 52, 10.7%), and Myanmar (n = 14, 2.9%). Slightly over three quarters (n = 375, 77.5%) were men, and the rest (n = 109, 22.5%) women. Most were between the ages of 25 and 34 years (n = 183, 37.8%), followed by less than 25 years (n = 142, 29.3%), between 35 and 44 years (n = 111, 22.9%), between 45 and 54 years (n = 35, 7.2%) and greater than 54 years (n = 13, 2.7%). According to the working sectors, the majority of volunteers were from the food service sector (n = 115, 23.8%), followed by domestic (n = 106, 21.9%), plantation (n = 102, 21.1%), manufacturing (n = 93, 19.2%) and construction (n = 68, 14.0%) sectors. Most participants had at least a primary level of education (n = 228, 47.1%) followed by high school (n = 201, 41.5%) and higher (university) level (n = 10, 2.1%), while n = 45 participants (9.3%) had not received any formal education.
Seroprevalence of T. gondii
The overall T. gondii seroprevalence among 484 migrant workers was 57.4% (n = 278; 95% CI: 52.7-61.8%) with 52.9% (n = 256; 95% CI: 48.4-57.2%) being seropositive for anti-Toxoplasma IgG only, 0.8% (n = 4; 95% CI: 0.2-1.7%) seropositive for anti-Toxoplasma IgM only and 3.7% (n = 18; 95% CI: 2.1-5.4%) seropositive for both IgG and IgM antibodies ( Table 1 ). All positive samples with both IgG and IgM antibodies showed high avidity (> 40%), suggesting latent infection.
Intrinsic factors associated with the seroprevalence of T. gondii infections Seropositivity of T. gondii was analysed statistically in relation to sociodemographic factors. In the minimum sufficient model identified by the backwards stepwise selection procedure that included sex, age and nationality, only age (χ 2 = 11.989, df = 4, P = 0.017) and nationality (χ 2 = 32.275, df = 4, P ≤ 0.001) were found to be statistically significantly associated with seropositivity for T. gondii IgG, independently ( Table 2 ). Analyses of antiToxoplasma IgM and seropositivity based on a combination of both IgG and IgM antibodies, did not find any of the three intrinsic factors as statistically significantly affecting seroprevalence (Table 2) . Extrinsic factors associated with the seroprevalence of T. gondii infections
Of the four extrinsic factors considered (employment sectors, years of residence in Malaysia, type of accommodation and level of education), only two factors were found to be statistically significantly associated with seropositivity of anti-Toxoplasma IgG in models that only included each factor in turn with presence of Toxoplasma IgG, i.e. employment sector (χ 2 = 21.306, df = 4, P ≤ 0.001) and years of residence in Malaysia (χ 2 = 8.294, df = 1, P = 0.004) ( Table 2) . Seroprevalence was significantly and positively associated with those employed in the manufacturing industry and those recently arrived in Malaysia (the latter with the exception of domestic workers, in whom the converse negative association with years of employment was observed).
Finally, in a multifactorial model in which we fitted only the significant effects from the analyses of intrinsic and extrinsic factors (age, country of origin, years of residence and employment sector with Toxoplasma IgG seropositivity), three significant interactions were found, the strongest being employment sector interacting with years of residence and Toxoplasma IgG (χ 2 = 13.478, df = 4, P = 0.009). In four cases (employment sectors construction, manufacturing, plantation and the service industry), prevalence was higher in year 1 (72.7, 79.5, 48.6 and 41.7%, respectively) than in year 2 (59.6, 55.0, 41.8 and 43.6%, respectively), indicating a reduction in infection between the two years, whilst for those in the domestic sector, prevalence increased from 41.7% in year 1 to 61.0% in year 2. The other two interactions, years of residence interacting with age and Toxoplasma IgG (χ 2 4 = 9.603, P = 0.048) and years of residence interacting with nationality and Toxoplasma IgG (χ 2 4 = 9.628, P = 0.047), were only marginally significant and thus were not explored further.
Models in which extrinsic factors were fitted with seropositivity of anti-Toxoplasma IgM, either alone or in combination with IgG did not identify any of factors as statistically significantly (Table 2) .
Discussion
This study investigated the status of T. gondii infection among migrant workers in Malaysia using standard commercial kits that detect anti-Toxoplasma IgG and IgM antibodies. The results showed that more than half of the workers had latent infection (53.0%), indicative of previous exposure to T. gondi. The high prevalence of latent T. gondii infection among these workers suggests that most of these infections were probably acquired in their home countries, where toxoplasmosis is known to be prevalent [27] [28] [29] .
This study is the first to report on seroprevalence of T.gondii infections in migrant workers from multiple occupation sectors, unlike previous studies which have only reported on a single working sector at a time, e.g. the plantation sector [21] [22] [23] [24] . Seroprevalence in our study was marginally higher (57.4%) compared to previously reported values from migrant workers in Malaysia of between 5.2 and 46.2% [21] [22] [23] [24] . This high seroprevalence is not surprising as human infection is widely reported, with nearly one-third of the world population exposed to this parasite [2, 30, 31] . Toxoplasmosis is not exclusive to marginalized communities, but it may have a greater impact on such communities for the reasons argued below. Studies in Malaysia have reported infections (seroprevalence) in healthy individuals (13.9-30.2%) [32] [33] [34] , pregnant women (23.0-31.6%) [35] [36] [37] [38] , HIV patients (21.0-41.2%) [20, [39] [40] [41] , newborn babies (2.0%) [42] and indigenous communities (10.6-37.0%) [43, 44] . In Southeast Asia, seroprevalence varies from < 2% up to 70% [45] . In high income countries, such as the USA and the UK, it has been estimated that between 10 and 40% of people are infected [46] [47] [48] , while in Central and South America and continental Europe prevalence ranges from 50 to 80% [49] .
In the present study, two of the factors considered as intrinsic to the sampled individuals showed highly significant associations with T. gondii infection. The first variable was age class, with prevalence being higher among workers older than 45 years (74.3 to 76.9%) compared with younger workers (51.4 to 59.2%). This is in agreement with previous studies [44, [50] [51] [52] [53] where infections acquired increased with age [32, 39] . A recent study among the indigenous communities of Malaysia (Orang Asli) showed significantly higher seroprevalence (P ≤ 0.001) among those aged 12 years and older (52.6%), compared to younger participants (31.2%) [44] . In the current study, prevalence was very similar in both sexes.
The second significant factor affecting seroprevalence was the migrant workers' countries of origin and thought to be related to behavioural and cultural practices such as unintentional ingestion of oocysts shed in cats' faeces and/or consumption of undercooked or raw contaminated meat [44, 54, 55] . Seroprevalence (by IgG) was highest among workers from Nepal (77.8%), followed by Indonesia (58.3%), Bangladesh (45.8%), India (38.5%) and Myanmar (28.6%), in agreement with a study in 2008 [24] . The strength of country of origin as a significant explanatory factor of T. gondii seroprevalence is most likely due to a combination of dietary habits, behavioural risks, environmental conditions, socioeconomic status and poor personal hygiene practice [24] . High prevalence of infection is common among ethnic groups in Nepal due to their habitual ingestion of minced raw meat or insufficiently cooked meat, both of which may harbour tissue cysts of the parasite [28, 29] . Similarly, in Indonesia, T. gondi infection is also considered to be a food-borne disease. Gandahusada (1991) [27] linked infection in Indonesia to the presence of domestic animals and eating raw or partially cooked meat with seroprevalence ranging between 2-63% in humans, between 35-73% in cats, 75% in dogs, between 11-36% in pigs, between 11-61% in goats, and less than 10% in cows. In the present study, all the workers originated from rural areas in their respective countries where infections are highly prevalent especially among poor and deprived communities. In such communities, domestic and feral cats are the most likely sources of environmental contamination, leading to direct infections in humans or indirectly through tissue-cyst bearing domestic animals. Significant correlations between consumption of unboiled water and T. gondii seropositivity have also been noted in a few studies, particularly among disadvantaged and indigenous communities living in rural and remote areas, with toxoplasmosis being considered a water-borne disease in these places [14, [56] [57] [58] . Contamination of water reservoirs with cat faeces [56] and collection of water from shallow wells located on farms where infected cats are present [57, 58] constitute possible sources of human infection with T. gondii oocysts.
We found that infections were significantly higher among workers from the manufacturing sector (76.3%) compared to workers in other sectors. Rai et al. [29] highlighted that the nature of one's occupation increases the risk of acquiring T. gondii infection especially for those engaged in agricultural activities. However, the present analysis revealed the lowest prevalence of infection (45.1%) amongst plantation workers. This latter result may be biased to some extent as working sectors were commonly dominated by a particular nationality. In Malaysia, Nepalese workers dominated the manufacturing sector (81.7% were Nepalese) and the high prevalence of infection in the manufacturing sector (74.2%) was largely attributable to the Nepalese (74.7%).
Workers with an employment history of less than one year or newly arrived workers were most frequently infected with T. gondii except for those in the domestic sector, indicating that acquisition of infection for most immigrant workers was most likely to be from their country of origin [27] [28] [29] . The reason for the increase in prevalence between year 1 and 2 among those in the domestic sector is not clear, but may be related to closer contact with domestic cats, which are commonly kept as pets in Malaysia. The majority of domestic workers in this study lived in their own or rented houses (98.1%) with pets and/or likely to clean cat litter trays as part of their domestic duties. By contrast, workers in other employment sectors mostly live in hostels where they are not allowed to keep pets.
Toxoplasmosis has been associated with the incidence (and prevalence) of schizophrenia and other human affective and psychotic disorders. Antipsychotic drugs known to be effective in the treatment of schizophrenia also inhibit some parasites, predominantly T. gondii [13, 59] . However, access to health care in general and mental health care in particular, is likely to be very low among poor and marginalized communities, with migrant workers less likely to seek care due to stigmatization and fear of job loss.
Conclusions
In conclusion, high seroprevalence of T. gondii among migrant workers in Peninsular Malaysia was found to be positively and statistically significantly associated with age (> 45 years), nationality (Nepalese), employment sector (manufacturing) and shorter duration of residence in Malaysia (with the exception of domestic workers, in whom the converse association was shown). Therefore, our results call for the public health authorities in Malaysia to include a health education programme not only specifically for migrant workers (who have pivotally fueled the Malaysian economy) but also among the general public. This will help to increase public awareness of toxoplasmosis and especially about the importance of cats and the consumption of contaminated meat and water as major potential sources of infection [14, 15] .
